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AbSTKACT 

Methods  for  elect rodepos 1 t ion  of  chromium-base  alloys  have  been 
reported  in  the  periodical  and  patent  literature.  Sixty-seven  references 
are  reviewed.  The  principal  alloying  elements  Include  iron,  nickel, 
cobalt,  tungsten,  and  molybdenum.  Ternary  alloys  have  also  been  reported^ 
Although  no  outstanding  advances  have  been  made  to  date,  It  is  anticipated 
that  further  research  In  this  field  will  yield  plating  methods  which  are 
both  practical  and  economical. 

Interest  in  the  electrodeposition  of  alloys  has  been  intensified  in 
recent  years.  This  has,  in  general,  been  due  to  the  more  widespread  use 
of  electrodeposited  coatings  and  to  the  failure  of  single  metal  deposits 
to  yield  the  desired  chemical  and  physical  characteristics.  In  particu¬ 
lar,  coatings  which  exhibit  good  corrosion  resistance  at  both  ambient 
and  high  temperatures  are  much  sought  after. 

The  elcctrodeposltlon  of  brass  has  been  practised  in  industry  for 
over  one  hundred  years.  Currently,  emphasis  is  centered  on  tin  alloys. 

The  statements  and  opinions  expressed  herein  are  those  of  the  author  and 
do  not  necessarily  indicate  the  views  or  the  policy  of  the  Army  Ordnance 
Corps . 


major  advances  having  been  fnade  both  here  and  In  Great  Britain,  Pure 
chromium  Is  known  to  have  excellent  resistance  to  most  chemical  agents, 
and.  In  particular,  to  oxygen  up  to  IQO^t  (!)•<  The  difficulty  with 
elactrodepos  1  ted  chromium,  ho'wever,  la  that  It  contains  an  inherent 
structure,  of  microcracks  which  extends  through  to  the  basic  metal, 
allowing  chemical  attack.  Dow  and  itareck  (2)  have  reported  a  crack- 
free  chromium  electrodeposit. 

It  is  felt  that  the  aolution  to  the  cracking  problem  in  chromium 
plate  Ilea  In  Che  development  of  methods  to  apply,  relatively  simply  and 
economically,  electrodeposits  of  chromium  alloys.  These  deposits  should 
possess  chemical  and  physical  propertiea  which  are  equal,  if  not  superior, 
to  those  of  conventional  chromium  plate.  An  extensive  literature  survey 
has  been  undertaken  to  determine  the  methods  already  available*  In  a 
moat  thorough  survey  on  alloy  plating  Faust  (3),  In  1940,  made  llttl« 
reference  to  chromium  alloy  plating  showln^  the  lack  of  interest  at  that 
time.  The  principles  of  alloy  plating  have  been  well  described  by  Blum 
and  Hogaboom  (4)  and  Faust  (3).  Most  of  the  baths  to  be  described  are 
aqueous  solutions.  Fused  salt  baths  in  which  a  single  metal  alloy  with 
Cathode  surface  have  not  been  considered,  nor  have  the  composite  deposits 
of  two  or  nx)re  metals,  where  the  deposits  are  heat  treated  to  form  an 
alloy. 

C h romlum-lron  Deposits 

The  major  portion  of  the  work  done  on  electrodeposition  of  chromium 
alloys  has  been  concerned  with  alloys  of  chromium  and  Iron.  A  number  of 
Investigators  have  reported  that  Iron  has  little  effect  on  deposits 
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obtained  Crorn  conventional  chromium  trloxlde  plntlng  baths.  Alter  and 
Mathers  (6)  stated  that  up  to  50  g./l.  of  ferric  Iron  did  not  affect  the 
depofltlon  of  chromium,  but  higher  concentrations  did.  In  their  study  of 
throwing  power  In  chromlvim  plating  baths,  Faiber  and  Blum  (7)  concluded 
that  up  to  2N  ferric  Iron  decreases  the  bright  plating  range  and  Increases 
throwing  power  slightly.  Kasper  (8)  found  that  only  0,107.  Iron  deposited 
from  a  2.5M  chromium  trloxlde  bath  containing  IN  ferric  Iron,  and  deposits 
made  at  45°C.  and  10  amp. /sq.dm,  were  not  bright.  Addition  of  25  g./l. 
ferrous  carbonate  produced  negligible  quantities  of  Iron  In  the  deposit, 
according  to  Cardam  (9).  Cassel  (10),  Schneldewind  (11),  Phillips  (12), 
and  Baker  (13)  also  reported  no  iron  in  deposits  from  chromium  trloxlde 
baths. 

Other  Investigators  have  reported  that  chromium- Iron  alloys  can  be 
deposited  by  making  additions  to  chromium  trloxlde  baths.  Brenner, 
Burkhead,  and  Jennings  (14)  found  that  deposits  containing  6-9'4  Iron 
could  be  obtained  from  baths  containing  chromium  crioxide,  ferric 

al  I A  anH  m 'i  o  n  A  c  4 1  iiTt  tnnfe.  A?fKniioh  fhp  Hpnncifc  rnnfalnpH 

up  to  2.85'4  oxygen,  the  physical  properties  were  inferior.  Burr  and 
associates  (15)  added  ferrous  sulfate  to  4.0M  chromium  trloxlde  at  sulfate 
ratios  below  lOtl  to  produce  deposits  with  up  to  104  Iron.  Current 
efficiencies  seemed  to  decrease  with  time  of  use  of  the  soiutlons, 
apparently  due  to  excessive  bulld-up  of  trlvalent  chromium.  The  deposits, 
however,  contained  fewer  cracks  than  conventional  chromium  plate. 

Baths  containing  1-2. 5M  chromium  sulfate,  0,5M  ferrous  sulfate,  and 
0. 005-1. OM  sulfuric  acid  (to  give  a  pH  of  1.0  to  1.3)  were  reported  by 
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fuseya  and  Sasaki  (16)  to  yield  deposits  of  16-65%  chromium,  1-5%  oxygen, 
balance  iron.  Current  density  was  76-139  amp. /sq.dm,  at  15®C.  and  current 
efficiency  16%  or  less.  HoPts  and  Kharlamov  (17)  also  used  mixed 
chrowlum  and  Iron  sulfates,  to  a  total  metal  concentration  of  1.6M,  with 
a  chromium  to  iron  ratio  of  1. 5:0.1  moles.  Current  density  was  10-15 
omii./sq.ln.  and  temperature  20-60°C.  to  yield  on  80%  chromium,  20%  iron 
alloy.  More  recently,  Yoshida  and  Yoshlda  (18)  suggested  use  of  a  bath 
of  0.3M  chromium  sulfate,  0.3M  ferrous  sulfate,  2.2M  ammonium  sulfate, 
and  3,0M  urea,  at  a  pH  of  2. 4-2, 8.  Current  density  of  8-16  amp. /sq.dm, 
gives  a  deposit  containing  18-19%  chromium.  Baths  of  similar  compositions 
have  recently  been  patented  by  Yoshlda  (19), 

A  patent  by  I.  G.  Farbenlndustrie  A,-G,  (Alexander  Siemens,  inventor) 
(20),  claims  a  deposit  of  a  chromium- iron  alloy  from  a  bath  of  370  g./l. 
K2C>^2®7’  8*/l*  chromium  trioxide,  7  g./l.  chromic  oxide,  and  80-100 

g,/l.  ferrous  sulfate.  Safranek  and  Shaer  (21)  reported  the  physical 
properties  of  an  unspecified  elect rod epos  I  ted  chromium- I ron  alloy. 


<■«  t  T’.  -_c.  .  —  J  »»  ii  aIaIm  ^r»rvr»c*<^4r»r«  r%^  O  Q/»7-  \  ttli  .  ft  A 
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Iron  alloy  which  retains  its  hardness  of  600-700  Knoop  up  to  1110  F.  The 


bath  composition  is  based  on  chromium  and  ferrous  ammonium  sulfates, 


sodium  sulfite  and  magnesium  and  ammonium  sulfates,  at  a  pH  of  1.7. 
Current  density  is  400  amp. /sq.ft,  at  a  temperature  of  145°F.  A  patent 


issued  to  Safranek  (23)  claims  deposition  of  a  bright  85%  chromium,  15% 


Iron  alloy  on  steel  at  ll5**F.  at  a  pH  of  1. 8-2,0  and  a  current  density  of 
200  amp. /sq.ft.  The  bath  conalata  of  300  g./l.  CrNH^(S0^)2« 1^H20, 

150  g./l.  (NH^)2S0^,  5  g./l.  Fe(NH^)2(SO^)2.6H20,  and  0.5  g./l.  methylpy- 


rldlnlum  chloride,  the  latter  as  a  supplementary  brightening  agent.  Fuseya 
and  Sasaki  (16),  however,  concluded  that  a  chromium  ammonium  sulfate  bath 
was  not  suitable  for  deposition  of  chromium  since  their  results  were  poor, 
Lloyd  (24)  reports  that  alloys  containing  over  SOX  iron  have  been  produced 
at  low  current  efficiency,  but  gives  no  details.  Finally,  Llhl  and 
Jenitschek  (2S)  isolated  a  chromium-iron  alloy  at  a  mercury  cathode. 
Chromium-Nickel  Deposits 

As  far  back  as  1894,  Placet  and  Bonnet  (26)  claimed  deposition  of 
chromium-nickel  alloys  from  solutions  of  chromium  sulfate  and  nickel 
sulfate,  acidified  with  sulfuric,  phosphoric,  hydrochloric,  oxalic,  or 
hydrcf luosl 1 Ic Ic  acids.  Dokras  (27)  has  recently  reviewed  and  discussed 
chromium-nickel  codeposition.  Kramer  (28)  added  17.  nickel  as  oxide, 
hydroxide,  carbonate,  or  a  dlcarboxylic  acid  salt  to  a  chromium  trloxlde 
solution.  Alter  and  Mathers  (6)  reported  similar  results  with  nickel  as 
with  iron,  as  did  Cassel  (10).  Kasper  (8)  found  that  up  to  IN  Nl^'*'  in  a 
chromium  trloxlde  bath  had  no  effect  on  deposition  of  bright  chromium. 
Additions  of  nickel  dlchromate  to  chromium  trloxlde  baths  yielded  only  a 
few  tenths  of  a  percent  nickel  In  the  deposits  according  to  Brenner  (14), 
Burr  and  associates  (13)  found  that  no  satisfactory  plates  could  be 
deposited  from  a  nickel  ammonium  sulfate  bath  similar  to  tha*;:  used  for 
chromium- 1 ron  by  Snavely,  Faust,  and  Bride  (22),  Starting  with  4M 
solutions  of  chromium  crioxide,  nickel  sulfate  or  nickel  ammonium  sulfate 
were  added.  Best  results  were  obtained  with  a  10:1  CrO^  to  SO4  =  ratio, 
the  nickel  being  added  as  sulfate.  However,  only  the  bath  containing 
chromium  trloxlde  and  nickel  ammonium  sulfate  in  a  3:1  ratio  show  d 
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nickel  present  In  spectrographl c  analysis. 

Skalorvjbov  and  Vlasova  (29)  electrodtpos Ited  a  chromium-nickel  alloy 
from  a  bath  containing  250  g./l.  chromium  trloKlde.  250  g./l.  nickel 
sulfate^  and  25  g^/K  boric  acid  at  a  current  density  of  30-35  amp. /sq .dm. 
and  temperature  35-40**C,  Ratios  of  chromium  to  nickel  In  the  deposit  can 
be  vaiicd  by  changing  ratios  of  bath  constituents  end  the  chromium  content 
Increases  with  Increasing  current  density.  Wallace  (30)  claimed  electro¬ 
plating  of  a  nickel-chromium  alloy  on  steel  using  an  alloy  anode.  The 
bath  was  made  up  of  32-96  ot./gal.  nickel  sulfate,  16-32  or. /gal.  chromium 
carbonate,  boric  acid,  and  water.  Yoshlda  and  Yoshlda  (18)  suggest  that 
chromium-nickel  alloys  may  be  deposited  in  a  slmllai  manner  to  the  method 
they  used  for  chromium- 1 ron  alloys. 

In  1953,  Quaely  (31)  deposited  chromium-nickel  alloys  at  a  current 
density  of  75-100  amp. /sq.dm,  at  a  temperature  below  40®C»  The  bath 
composition  Included  200  g./l.  chromium  trloxlde,  20  g./l.  nickel  chloride, 
and  5  ml. /I.  glacial  acetic  acid.  The  deposits  were  subsequently  blackened 
by  Immersion  In  hydrochloric  acid.  The  plating  method  was  patented  (32). 
Albln  (33)  claims  a  method  for  brush  plitlng  a  chromium- nickel  alloy. 

Two  solutions  were  used,  one  containing  nickel  chloride,  rlnc  chloride, 
ferric  chloride,  and  water.  The  other  has  potassium  chromate,  hydrochloric 
and  sulfuric  acids,  and  water.  The  solutions  are  poured  together  at  25^C. 
and  alternating  current  Is  passed  as  an  activation  treatment  prior  to  use 
with  a  carbon  rod  anode  and  sponge.  Varying  compositions  of  chromium- 
nickel  alloys  were  obtained  by  Natanson  and  Rozachek  (34)  from  organosols 
In  a  two-layer  bath.  The  aqueous  solution  contained  NICI2.  CrCl^,  Nh^Cl, 
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urea,  and  HCl.  The  organic  layer  wao  composed  of  oleic  acid  and  toluene. 
Again,  Llhl  and  JenltsChek  (25)  have  obtained  chromium-nickel  alloys  at  a 
mercury  cathode. 

Chromium-Cobalt  Depos Its 

Adding  up  to  50  g./l.  cobalt  chroMte  to  a  chromium  trloxlde  bath 
prevented  deposition  as  reported  by  Alter  and  Mathers  (6),  while  Brenner, 
Burkhead,  and  Jennings  (lA)  state  that  cobalt  dlchromate  additions  yielded 
alloys  Inferior  to  conventional  chromium  plate.  Humphries  (35)  patented 
electrodeposition  of  a  cobalt-chromium  alloy  for  razor  blade  edges.  In 
1923,  Peffer  and  Bierce  (36)  patented  a  method  for  depositing  chromium- 
cobalt  from  a  solution  of  mixed  sulfates  or  chlorides.  Schulte  (37) 
formed  a  placing  bath  by  combining  a  portion  of  a  solution  of  50-75  parts 
cobalt  sulfate,  30-40  parts  sodium  sulfate,  5-15  parts  hydrofluoric  acid 
and  250  parts  water  with  a  larger  proportion  of  a  solution  formed  from  75 
parts  chromium  trloxlde,  3  parts  potassium  hydroxide,  10  parts  hydro- 
fluoslliclc  acid,  and  250  parts  water.  Yoshlda  and  Yoshlda  (18)  suggest 
that  chromium  may  be  alloyed  with  cobalt  In  a  manner  similar  to  Iron. 

DuKose  (38)  suggests  the  addition  of  cobalt  carbonate  to  a  chromium  placing 
bath  composed  of  chromic  acid  and  fluoborlc  acid  to  prevent  anode  sludge 
formation.  Candussl  (39)  claims  deposition  of  a  chromium-cobalt  alloy  on 
steel  or  aluminum. 

Chromium-Tungsten  and  Chromium-Molybdenum  Deposits 

Serious  consideration  has  been  given  to  the  electrodeposition  of 
chromium-tungsten  and  chromium-molybdenum  alloys.  Brenner,  Burkhead,  and 
Jennings  (14)  were  not  able  to  develop  successful  deposits  by  adding 
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tungsten  or  molybdenum  in  the  torm  ot  complexes  ot  phosphoric,  hydro¬ 
fluoric,  or  boric  acid  to  chromium  crloxlde  plating  baths.  Armstrong 
and  Menefee  (AO)  aave  patented  a  method  which  ut lilies  a  tungsten  carbide 
anode  alloyed  with  chromium  to  yield  an  alloy  deposit  from  an  acidic 
aqueous  solution  of  tungsten  oxyfluoride.  Another  patent  («il)  sets  forth 
addition  to  a  tungsten  oxyfluoride  bath  of  an  acid  salt  of  the  metal  to 
be  alloyed.  The  solution  is  maintained  at  a  pH  of  4. 3-6. 8,  and  a 
temperature  of  33-80°C.  Rogers  and  Burr  (42)  deposited  chromium  alloys 
with  up  to  301  tungsten  from  a  solution  of  2M  chromium  trloxlde  reduced 
to  a  trlvalent  chromium  content  of  40%  with  300  g./l.  ammonium  citrate, 
and  containing  150  g./l.  tungstic  anhydride.  Deposits  had  excellent 
appearance  and  corrosion  resistance,  although  appreciable  (0.0001  inch) 
thicknesses  cculd  not  bt  built  up* 

A  msthod  for  electroplating  chromlum<-mo  ybdenum  Alloys  has  been 
patented  by  Ms  (43).  One  to  30%  molybdenum  la  ootalned  by  dissolving 
molybdic  anhydride  to  an  aqueous  chromium  trloxlde  solution  containing 
S'lfurlc  acid.  The  use  of  s  chromium-molybdenum  alloy  anode  Is  preferred, 
at  a  current  density  of  15  amp. /sq.dm,  and  temperature  of  40  C,  A  plate 
0.003  Inch  thick  which  contains  22.4%  molybdenum  will  deposit  In  five 


hours.  Shome  (44)  has  deposited  an  alloy  containing  1.7%  molybdenum  and 
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was  360  g./l.  HjMoO^,  400  g./l.  CrOj,  and  4  g./l.  HjSO^  at  plating 
conditions  of  40^C,  and  I  amp./sq.ln. 


Miscellaneous  Binary  Chromium  Depoalts 


Many  other  alloya  of  chromium  have  been  under  Investigatl  n. 
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Casfirl  (10);  trt?d;  !n  addition  to  iron  and  nickel,  elnc,  cad:n!u:v.,  silver, 
arsenic,  and  lead-mcrcury  with  poor  results.  Concentrations  below  50  g./l. 
of  copper,  zinc,  cadmium,  vanadium,  or  aluminum,  as  well  as  ferric  iron, 
nickel,  or  molybdenum  did  not  affect  deposition  from  the  chromium  trloxldc 
bath,  according  to  Alter  and  Mathers  (6),  Kasper  (8)  found  that,  although 
IN  zinc,  cadmium,  copper,  or  nickel  had  no  effect  on  bright  chromium 
plating  baths,  copper  was  found  to  be  present  to  the  extent  of  0.087.  in 
the  deposit.  Placet  and  Bonnet  (26)  claimed  deposition  of  aluminum, 
magnesium,  zinc,  tin,  antimony,  stiver,  or  platinum,  as  well  as  nickel 
and  cobalt,  as  alloys  of  chromium.  Marino  (^3)  patented  a  method  for 
deposition  of  an  alloy  of  zinc,  cadmium,  aluminum,  tin,  cadmium,  lead, 
antimony,  nickel,  cobalt  or  chromium  by  electrolysis  of  the  tartrates, 
paratart rates ,  or  oxalates  of  these  metals  in  aqueous  ammonia.  Yoshida 
and  Yoshida  (18)  suggest  manganese  as  a  codeposited  metal  for  chromium, 
while  Shaffer  (46)  added  MnOjt  K2Mn20g,  MnCl2*  and  Kochelle  salts  to 
CrO^  plating  baths. 

A  novel  method  for  deposition  of  alloys  Including  chromium  has  been 
patented  by  Cole  (47).  It  consists  In  placing  anodes  of  the  metals  to  be 
alloyed  at  various  distances  from  the  cathode  to  form  the  desired  alloy 
proportions.  An  apparatus  is  described  in  which  the  current  for  each 
electrode  is  separately  adjustable.  Rojas  Chemical  Works  (48)  has 
patented  a  bath  which  contains  as  a  soluble  aluminum  compound  3-13*4  of 
the  chromium  trloxlde  content,  calculated  as  aluminum  hydroxide.  Cardara 
(9)  determined  that  13-23  g./l.  aluminum  added  as  hydroxide  produced 
negligible  quantities  of  aluminum  In  deposits  from  chromium  trloxlde 
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baths.  Up  to  38.7  g./l.  Indium  sulfote  has  been  added  to  a  conventional 


chromium  plating  bath  by  Hackemssn  (49,50),  although  indium  was  present 
to  only  a  very  small  amount  in  the  deposit.  Hogers  and  Burr  (42)  could 
not  achieve  aucceasful  deposition  of  chromium-titanium  alloys,  but  these 
compositions  are  claimed  by  Candussi  (39)  ano  Sugahara  (51).  The  latter 
used  an  aqueous  solution  containing  250  g./l,  CrO^,  2  g./l.  H2S0^,  and 
5  g./l.  TlSlF^,  at  a  current  density  of  30  amp. /sq.dm, 

Quaely  (31,52),  and  Quaely  and  Lllliendahl  (53),  have  patented  a 
method  for  electrodepositlon  of  a  black  chromium-vanadium  alloy  from  an 
electrolyte  containing  150-350  g./l.  chromium  trloxlde  and  2-10  g./l. 
vanadium  as  soluble  halides,  nitrates,  or  vanadates.  Addition  of  3-20 
g./l,  of  acetic,  formic,  citric,  oxalic,  or  propionic  acid  improved 
plating  characteristics.  Two  baths  patented  by  Kojas  (54)  contain  zinc 
or  barium.  One  composition  is  400  g.  chromium  trloxlde,  41-2-57. 5g.  zinc 
sulfate,  and  12-81. 4g.  zinc  oxide,  with  sufficient  wster  for  dissolution, 

nrkm*  S9A<~-r\Mrl  es  r*k««i¥v 
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solution,  contains  600g.  chromium  trloxlde,  28-197. 4g.  barium  carbonate, 
and  81. 4g.  zinc  oxide.  Greater  throwing  power  than  the  conventional 
bath  is  claimed  over  wide  ranges  of  current  density  and  temperature.  A 
more  recent  Rojas  patent  (55),  claims  Improvement  of  chromium  electro- 
deposition  from  zinc-containing  baths  similar  to  the  aforementioned. 

Nickel  or  aluminum  may  be  added  In  lieu  of  the  zinc.  Chromium  In  the 
quantity  0.01-40  g./l.  is  listed  by  Weiner  (56)  as  an  addition  agent  to  a 
cadmium  cyanide  plating  bath.  Jennlson  and  Bradley  (57)  claim  a  codeposit 
of  tin  with  approximately  107L  chromium.  Patents  covering  the  use  of 
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BLroncium  chromate  and  aulfate  in  chromium  trloxlde  plating  baths  have 
been  Issued  to  I’assal  (58),  Stareck  (59),  and  Stareck  and  Dow  (bO). 

Ternary  Chromium  Alloy  Deposits 

In  1940,  Skalozubov  and  Goncharova  (61)  followed  their  work  on 
chromium-nickel  alloys  be  development  of  a  chromlum-tt loxldc,  250  g./l. 
nickel  sulfate,  175  g./l.  ferrous  sulfate,  and  25  g./l.  boric  add. 

Optimum  current  density  was  50  amp, /sq.dm,  at  a  temperature  60'*C, 

Increase  In  current  density  caused  an  increase  In  chromium  and  a  decrease 
In  nickel  and  Iron  In  the  deposit.  Raising  the  bath  temperature  decreised 
current  efficiency  and  chromium  content  of  the  deposit.  Frantscvlch- 
Zabludovskaya  (62)  obtained  chromium  alloys  with  2.8-7,757.  molybdenum  and 
2.8-23,757.  nickel.  The  bath  composition  was  320  g./l.  chromium  sulfate, 
100  g./l.  nickel  sulfate,  100  g./l.  ammonium  molybdate,  and  10  g./l. 
boric  acid.  The  bath  was  pi e-elcctrolyzed  to  contain  5-6%  hcxavalent 
chromium  at  a  approximate  pH  of  2.  With  platinum  anodes,  the  coating  was 
bright  and  dense. 

Ternary  black  chromium  alloys  were  produced  by  ijuaely  (31,63)  by 
adding  2-10  g./l.  of  vanadium  as  a  soluble  compound  to  the  chromium- 
nickel  bath  previously  described  (32).  Quacly  and  LI  1 1 1 endanl  (53)  have 
patented  another  ternary  alloy  bath,  the  composition  being  200  g./l. 
chrc/miuni  trioxide,  60  g./l.  nickel  chloride,  and  5  g./l.  vanadium,  which 
is  dissolved  in  a  minimum  of  nitric  acid.  Candussl  and  Lovantina  (64) 
claim  deposition  of  chromium  hydride  deposits  from  two  baths,  one 
containing  nickel,  ammonium,  and  cobalt  sulfates,  boric  acid  and  water; 
the  other,  chromium  trloxlde,  sulfuric  acid,  cobalt  sulfate,  and  water. 
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A  white  brass  costing  has  bean  patantsd  by  Flsch<  r  (6^).  A  mlnaral  acid 
and  23  g./l«  chromium  trloxldc  are  added  to  a  potassium  cyanide  bath 
containing  zinc  and  copper,  ths  rAtrrent  density  is  1-3  amp. /sq.dm,  and 
the  temperature  20-30^C.  Fuch^.  {bt}  claims  an  alectrodeposltcd  alloy  of 
1-40X  chromluffli  1-40X  tungsten  and  the  remainder  nickel.  Finally,  - 
Neuendorff  and  Sauerwald  (67)  electrolysed  a  fused  chromite  (38X  Cr203, 
13-17X,  F02O3  MgO  and  AI2O3)  with  silicon  dioxide.  Using  a  carbon  cathode, 
a  deposit  containing  39.31  chromluiti,  49. AX  iron,  and  7. 31  carbon  was 
obtained. 

Although  a  considerable  number  of  claisks  have  been  made.  In  practice 
It  has  generally  been  found  that  the  chromium  alloy  deposit  was  either 
difficult  to  prepare,  or  it  offered  no  eubstsntlal  improvement  over 
conventional  chromium  plate  in  physical  or  chemical  characteristics. 

Judging  from  the  success  achieved  in  the  alloying  of  bulk  metals,  there  is 
no  reason  to  expect  less  in  the  f'.eld  of  alloy  coatings.  It  is  anticipated 
that  further  research  will  yield  plating  methoda  which  are  both  practical 
and  economical. 


12 


KEFERENCES 


li  Ei  A;  Gu!hran5“n  and  Kc  F*  Andraw-  J .  Elect rochem,  Soc,. 

99^,  402  (1952).  ' 

2.  R.  Dow  and  J,  E.  Stareck,  riatlnR,  40,  987  (1953). 

3.  C.  L.  Fault,  Tram.  Elactrochem.  Soc..  76,  383  (1940). 

4.  W,  Blufn  and  G.  D.  Hogaboom,  "Electroplating  and  Electroforimlng,” 

3rd  Edition,  p.  388,  McGraw-Hill  Book  Co.,  New  York  (1949). 

5.  C.  L.  Faust,  Chapter  on  "Alloy  Plating"  in  "Modern  Electroplating," 
p.  64,  John  Wiley  and  Sons  (1953). 

6.  C.  M.  Alter  and  F.  C.  Mathers,  Trans.  Electrochem.  Soc.,  56,  363 
(1929). 

7.  H.  L.  Farber  and  W.  Blum,  J.  Raiearch  Natl.  Bur.  Standards,  4, 

29  (1930). 

8.  C.  Kasper,  J.  Research  Natl.  Bur,  Standards.  14.  693  (1935). 

9.  G.  E.  Gardam,  J.  Electrodepositors*  Tech.  Soc..  20.  69  (19*45). 

10.  H.  Cassel,  Oberf lachentech. .  10,  158  (1933). 

R.  Schneldewlnd,  U.  Mich.  Eng.  Res.  Bull.  #19  (1928), 

12.  W.  M.  Phillips  (Discussion),  Trans.  Electrochem.  Soc.,  59, 

459  (1931). 

13.  W,  Baker  (Discussion),  Trans.  Electrochem.  Soc.,  59 ,  460  (1931). 

14.  A.  Brenner,  P,  Burkhcad,  and  C.  Jennings,  J.  Research  Natl.  Bur. 
Standards.  40j^  31  (1948), 

15.  A.  A.  Burr,  "Chromium  Electroplating"  PB  Report  111514,  Office  of 
Technical  Services,  Washington  (1951). 

16.  G.  Fuseya  and  K.  Sasaki,  Trans.  Electrochem.  Soc..  59,  445  (1931). 
Also  J  Soc.  Chem.  Ind.  Japan,  33,  Suppl.  binding  474  (1931). 

17.  L.  N,  ilol’ts  and  V.  N,  Kharlamov,  J.  Applied  Chem.  (U.S.S.R.).  9, 
1964  (1936). 

18.  T.  Yoshlda  and  R,  Yoshida,  J.  Chem.  Soc.  Japan,  Ind.  Chem,  Sect, 

58.  89  (1955). 


13 


19.  T.  Yoahlda,  Ger,  Pat.  9*42,429,  May  3,  1956  (Ci.  408,  6.50).  (U.S. 

Pot,  2,766,196,  Oct.  9,  1956). 

20.  1.  G.  Farhenindvj«tr i«  A.-G.  (A.  Siemens,  Inventor),  German  Pat. 

550,966,  Dec.  20,  1928. 

21.  W.  H.  Safranek  and  G.  H.  Schaet,  Tech.  Proc.  Am.  Electroplaters* 

Soc.,  43,  105-17  (1956). 

22.  C.  A.  Snavely,  C.  A.  Faust,  and  J.  E.  Bride  (to  Battelle  Development 
Corp.),  U.S.  Pat.  2,693,444,  Nov.  2,  1954. 

23.  W.  H.  Safranek,  U.S.  Pat.  2,82 ’,326,  Feb.  4,  1958. 

24.  R,  R.  Lloyd,  W.  T.  Raules,  and  R.  C.  Feeney,  Trans.  Elcctrochem. 

Soc.,  443  (1946). 

25.  f,  Uhl  and  P  Jenitschek,  Z,  Elektrochem. ,  58 .  431-7  (1954). 

26.  C,  Placet  and  J.  Bonnet,  U.S.  Pat.  526,114,  Sep.  18,  1894, 

27.  V.  M.  Dokras,  Sympoatum  on  Electroplattnji  and  Metal  Finishing 
(India),  1952,  U4^7 

28.  0.  Kriimer,  German  Pat.  655,494,  Jan.  17,  1938  (Cl.  48a,  6.04). 

29.  M.  F.  Skalocubov  and  A.  S,  Vlasova,  Itvest.  Novocherkasskogo  Ind. 

Inst.  Im.  S.  Ordshonlkjdte,  6|  Sor.  Khlm^  15-18  (l940)^ 

30.  C.  L.  Wallace  (to  Flberlold  Corp.),  U.S,  Pat.  1,948,145, 

Feb.  20,  1934. 

31.  M.  F.  yuaely.  Plating,  40,  982  (1953). 

32.  M.  F.  yuaely  (to  Wesilnghouse  Electric  Corp.),  U.S.  Pet.  2,739,108, 

Mar.  20,  1956. 

33.  C.  Albln,  Brit.  Pat,  469,437-8,  July  26,  1937. 

14.  E.  M.  Natanaon  and  N.  N.  KoKachek,  Kollold,  Ehur.,  19,  698-705 
(1957). 

35.  C.  H.  Humphries,  Brit.  Pat.  348,336,  Apr.  12,  1930. 

36.  H.  C.  Peffer  and  H.  C.  Pierce,  U.S.  Pat.  1,465,173,  Aug.  14,  1923. 

37.  L.  Schulte  (to  Allegheny  Steel  Co.),  U.S.  Pat.  1,717,468,  June  18,  1929. 

38.  A.  H.  DuKo&e  (to  Harshaw  Chemical  Co.),  U.S.  Pat.  2,784,153, 

Mar,  5,  1957. 


14 


39.  M.  Candussl,  lt«\.  Pat.  469,634,  Mat.  10,  1932. 

40.  K.  H.  Armstrong  and  A.  B.  Manefea,  Brit.  Pat.  460,931, 

Feb.  I,  1937.  (U*S.  Pat.  2,145,745,  Jan.  31,  1939). 

41.  II.  H.  Armstrong  and  A.  B.  Menefce,  French  P«t.  789,883, 

Nov.  7,  1935.  (U.S.  Pat.  2,145,746,  Jan.  31,  1939). 

42.  0.  G.  Rogers  and  A.  A.  Burr,  J.  Electrochem.  Soc.,  97, 

67  (1950). 

43.  C.  C.  Ma  (to  Uestinghouse  Electric  Corp.)  U.S.  Pat. 

2,516,227,  July  25,  1950. 

44.  S.  C.  Shome,  J.  Indian  Chem.  Soc.,  34,  339-403  (195',7. 

45.  Q.  Marino  and  The  Darlington  Wire  Mills,  Ltd.,  Brit.  Pat.  405,433, 
Feb.  8,  1934. 

46.  R.  W.  Shaffer,  U.S.  Pat.  2,136,197,  Nov.  8,  1938. 

47.  W.  H.  Cole,  Brit.  Pat.  359,394,  May  14,  1930. 

48.  Rojas  Chemical  Works,  Inc.^  Brit.  Pat.  480,945,  Mar.  2, 

1938. 

49.  N.  Hackerman  (to  Research  Corp.),  U.S,  Pat,  7,630,407,  Mar.  3,  1953. 

50.  N.  Iljckerman  and  T,  Jensen,  J.  Electrochem.  Soc.,  99,  60  (1952). 

51.  Z.  SugiJ.ara,  Japan.  Pat.  5160  (*35),  July  27,  1955. 

52.  M.  F.  Quaely,  U.S.  Pat.  2,824,829,  Feb.  25,  1958. 

53.  M.  F,  Ouaely  and  W.  C.  Lilllendnhl  (to  Weatlnghouae  Electric  Corp.), 
U.S.  Pat.  2,772,227,  Nov.  27,  1956. 

54.  F.  A.  Rojas,  U.S.  Pat.  2,587,651,  Mar.  4,  1952. 

55.  F.  A.  Rojas,  Can.  Pat.  551,837,  Jan.  21,  1958. 

56.  R..  Weiner  (to  Deutsche  Gold-und  Si  Iber-Schneldcanstalt  vorm. 
Roessler),  German  Fat.  704,989,  Mar.  13,  1941  (Cl.  48a.  6.02). 

57.  H.  C,  Jennlson  and  J.  C,  Bradley  (to  The  American  Brass  Co,), 

U.S.  Pat.  2,336,615,  Dec.  14,  1953. 

58.  F.  Passal  (to  United  Chromium,  Inc.),  U.S.  Pat.  2,640,021, 

May  26,  1953. 


15 


59.  J --  E,  StJireck  (ic  United  Chromium,  Inc.),  U.S.  I’«t.  2,640,022, 

Mfly  26,  1933. 

60.  J.  C.  Stereck  and  K.  Dow  (to  United  Chromium,  Inc.),  U.S.  Pat. 

2, 686, 736,  Aug.  17,  1956. 

61.  M.  F.  Skalotubov  and  I.  A  Goncharova,  Itveat.  Novocherkaaskogo  Ind. 
Inst.  Im,  S,  Ordthonlkldie,  6,  Ser  Khlm,  24-0  (1940. 

62.  T.  F,  Franttcvlch-Zabludoviikaya,  J.  Appl.  Chem.  U.S.S.H.,  25,  1369 
(1952). 

63.  M.  F.  vjuaely  (to  Westlnghouse  Electric  Corp.),  U.S.  Pat.  2, 739, ’09, 
Mar.  20,  1956. 

64.  M.  Canduasl  and  C.  Lovatlna,  Ital .  Pat.  477,358,  Jan.  21,  1953. 

65.  11.  Fischer  (to  Siemens  6  Halake  Akt.-Gcs.),  German  Pat.  706,347, 

Apr.  17,  1941  (Cl.  48d.  4.02). 

66.  G.  Fuchs,  Brit.  Pat.  397,789,  Aug.  31,  1933. 

67.  G,  Neuendorff  and  F.  Saucrwald,  Z,  Elekt rochem. ,  3/,  199  (1928). 


16 


